The somatic chromosomes of Gossypium hirsutum, G. arboreum brown form, and G. arboreum white form were studied after staining with orcein, chromomycin A 3 (CMA) and DAPI. Gossypium hirsutum possessed 2nϭ52 chromosomes with a gradual decrease in chromosome length. Both the forms of G. arboreum showed 2nϭ26 chromosomes with no such sharp decrease in chromosome length. The centromeric formula of G. hirsutum was 20 mϩ32 sm. The centromeric formulae of 10 mϩ16 sm and 14 mϩ12 sm were determined in the brown and white form of G. arboreum, respectively. Two big and 4 small CMA-positive bands were found in G. hirsutum. Four CMA-positive bands were found in G. arboreum brown form. The individual size of the band in the brown form was similar to that of big bands in G. hirsutum. Three CMA-positive bands were observed in the white form of G. arboreum which were smaller than those of the brown form. Gossypium hirsutum showed 3 DAPI-positive bands whereas no DAPI-positive band observed in brown and white form of G. arboreum. In G. hirsutum, 6 DAPI-negative bands appeared at the same location where CMA-positive bands were present. Three DAPI-negative bands were observed in brown and white form of G. arboreum at the same location where CMA-positive bands appeared. Reversible banding indicated the presence of GC-rich repeats. The banding pattern of G. hirsutum appeared to consider it as segmental allopolyploid. In spite of some similarities, the 2 forms of G. arboreum possessed unique fluorescent banding features.
The cotton, Gossypium L. belongs to the family Malvaceae. There are about 39 species distributed worldwide (Sauer 1993) . These are native to the tropics and warm temperate regions. On the basis of origin, cotton has been grouped into 3 viz. Asian or old-world diploid cotton, American or new world diploid cotton, and American or new world polyploid cotton. The new world polyploid cotton is an allopolyploid. Although there is a contradiction about its putative parents, most of the scientists believed that it might be a segmental allopolyploid (Beasly 1942) . The 4 most domesticated cotton species are Gossypium herbaceum (African-West Asian cotton), G. arboreum (PakistanIndian cotton), G. barbadense (South-American cotton) and G. hirsutum (Mexican cotton).
In Bangladesh, the above 4 species are widely cultivated. Gossypium arboreum is distributed in the hilly areas. It has 2 forms such as brown and white depending on fibre colour. Morphologically these 2 forms are more or less same except their fibre color. Gossypium herbaceum is sporadically found all over the country. Gossypium hirsutum has been cultivating in the northern, western and central part of Bangladesh. Gossypium barbadense is not cultivated well rather conserved as germplasm.
In Bangladesh, the germplasm identification of cotton is solely based on morphological characters. Due to phenotypic plasticity the similar germplasms may show different morphology in different distribution. In this case, identification of germplasms on the basis of morphological charac-ters is not authentic. Therefore, breeders use to face problem of characterizing the germplasms properly. As a consequence breeding programmes are being hampered.
Karyotype analysis is a useful tool for characterizing any germplasms. In Bangladesh, there is no report on the cytogenetical features of cotton germplasms. In addition to conventional karyotype analysis, fluorescent banding with different fluorochromes such as Chromomycin A 3 (CMA) and 4-6Ј Diamidino-2-Phenyl Indole (DAPI), have been widely used to characterize and compare the karyotypes. CMA and DAPI have been using for determining the GC-and AT-rich DNA segments of the chromosomes, respectively (Schweizer 1976 , Kondo and Hizume 1982 , Hizume et al. 1988 , 1989 , 1991 , Alam and Kondo 1995 , 1996 . Fluorescent banding enables detailed and critical chromosome analysis by identifying individual chromosome, determining the amount and site of ATand GC-rich base pairs on chromosomes.
Therefore, an extensive karyotype analysis is essential for germplasm identification in cotton. In the present study, the karyotypes of G. hirsutum, and 2 forms of G. arboreum (white and brown) were compared after staining with orcein, CMA and DAPI.
Materials and methods
The following materials were used in this study
white form. The seeds were collected from the Cotton Development Board, Khamerbari, Farmgate, Dhaka and maintained in the Botanic garden, Department of Botany, University of Dhaka.
The young healthy roots were cut 0.5 cm away from the tip by a clean blade. The collected root tips were pretreated with 0.2 mM 8-hydroxyquinoline for 2.30 h at room temperature (27-30°C), followed by fixation in 45% acetic acid for 15 min at 4°C. The pretreated root tips were hydrolysed for 4 s at 60°C in a mixture of 1 N HCl and 45% acetic acid (2 : 1) and stained with 1% aceto-orcein.
For fluorescent banding, method proposed by Alam and Kondo (1995) was followed with slight modifications. After hydrolysing and dissecting, the materials were squashed with 45% acetic acid. The cover glass was removed quickly on dry ice and allowed to dry for at least 48 h before study. The air-dried slides were first preincubated in McIlvaine's buffer (pH 7.0) for 30 min followed by Distamycin A (0.1 mg/ml) treatment for 10 min. The slides were rinsed mildly in McIlvaine's buffer supplemented with 5 mM MgSO 4 for 15 min. Then 1 drop of CMA (0.1 mg/ml) was added to the materials for 20 min followed by treatment in McIlvaine's buffer with Mg and without Mg each for 10 min. Slides were mounted in 50% glycerol and kept at 4°C for over night before observation. These were observed under an Olympus BH2 fluorescent microscope with blue violet filter cassette.
For DAPI-staining method proposed by Alam and Kondo (1995) was followed after slight modifications. The CMA-stained slides were rinsed with distilled water for 5 min followed by Figs. 1-10 ), Vertical Barϭ10 mm (for Fig. 11 ) and Vertical Barϭ10 mm (for Figs. 12-13 ).
destaining in 45% acetic acid for 15 min. The slides were then washed in distilled water and air dried over night. The slides were immersed in McIlvaine's buffer (pH 7.0) for 20 min and treated in actinomycin D (0.25 mg/ml) for 10 min. The slides were immersed again in McIlvaine's buffer (pH 7.0) for 10 min followed by treating in DAPI solution (0.1 mg/ml) for 15 min. After rinsing in McIlvaine's buffer (pH 7.0) for 10 min, slides were mounted with 50% glycerol and kept at least 1 h at 4°C. These were observed under a Nikon fluorescent microscope with ultra violet filter cassette.
Results and discussion
It is well known that G. hirsutum is an allotetrayploid consisting of 2nϭ4xϭ52 chromosomes whereas G. arboreum is a disomic with 2nϭ2xϭ26 chromosomes (Skovsted 1935 , 1937 , Harland 1940 . At least 25 cells of each sample were investigated in this study. These numbers were confirmed during this study. Karyotype formulae prepared from the orcein stained materials were 20 mϩ32 sm for G. hirsutum (Fig. 11) . It was 10 mϩ16 sm and 14 mϩ12 sm, in G. arboreum brown form and white form, respectively (Figs. 12, 13) .
Gossypium hirsutum
CMA-staining of G. hirsutum showed the following features: i) at metaphase, 2 big and bright bands at the terminal region of short arms in both the members of pair I (Figs. 1, 3 arrows) , ii) a fade band at the interstitial region in a member of chromosome pair I, iii) 4 small CMA-positive bands 1 in each at the terminal regions of short arms of both the members in pair XI and XII (Figs.  1, 3 arrows) . The size, location and intensity of 4 small bands were similar. The 4 chromosomes bearing these small bands were metacentric and equal in length. This feature appears to consider these 4 chromosomes in a group. The 2 big and 4 small band-bearing chromosomes support the possible homeology between the 2 different genomes in G. hirsutum.
In G. hirsutum, 6 DAPI-negative bands were observed at the same location of chromosomes where CMA-positive bands appeared suggesting the presence of highly GC-rich nature of those portions (Alam and Kondo 1995 , 1996 , Schweizer 1976 . Since the entire CMA-positive banded region showed DAPI-negative band and the negative bands appeared at the terminal regions, the respective chromosomes looked much smaller when compared to CMA-banded chromosomes (Figs. 2, 4 big arrows). Two DAPI-positive bands were observed one in each at the interstitial region of both the members of pair I (Figs. 2, 4 small arrows). Out of these 2, 1 DAPI-positive band appeared at the same location where there was a fade CMA-positive band indicating the presence of tandem AT-and GC-repeats. In addition, 1 terminal DAPI-positive band was found in a member of pair X.
Gossypium arboreum (brown form)
In this form, 4 CMA positive bands were found at metaphase (Figs. 5, 7 arrows). Two of them present at the terminal region of the short arms in both members of pair II. One member of pair V and pair VIII possessed a terminal CMA-positive band (Figs. 5, 7 arrows) . The band size of this form was exactly same to that of G. hirsutum.
Since counter staining could not possible in G. arboreum brown form, DAPI-negative band was unable to detect in the metaphase chromosomes. However, 3 DAPI-negative bands were observed exactly the same location where CMA-bands were present in prophase chromosomes (data not shown). Therefore, it could be assumed that this specimen possessed 3 DAPI-negative bands at those CMA-banded chromosomal regions. No DAPI-positive band was found.
Gossypium arboreum (white form)
In this form, 3 equal sized big CMA-positive bands were observed in metaphase chromosomes. Both the members of the pair XI showed terminal band at the short arms (Figs. 8, 10 ar-rows). An intercalary band was found on the short arm of 1 member in pair XII (Figs. 8, 10 arrows) .
When comparing to CMA-banded chromosomes it was found that the same CMA-positive banded region showed DAPI-negative band suggesting the presence of highly GC-rich nature of those portions. The respective DAPI-negative banded chromosome appeared smaller than those of CMA-positive banded chromosomes. No DAPI-positive band was found.
